Magnetic Weyl semimetals are expected to have extraordinary physical properties such as a chiral anomaly and large anomalous Hall effects that may be useful for future, potential, spintronics applications. 1,2 However, in most known host materials, multiple pairs of Weyl points prevent a clear manifestation of the intrinsic topological effects. Our recent density functional theory (DFT) calculations study suggest that EuCd 2 As 2 can host Dirac fermions in an antiferromagnetically (AFM) ordered state or a single pair of Weyl fermions in a ferromagnetically (FM) ordered state. 3
2
To date, a number of magnetic topological materials have been proposed. GdPtBi 5 is a proposed magnetic field driven Weyl semimetal. 6 Multiple Weyl points were found in canted antiferromagnetic state of YbMnBi 2 . 7 Furthermore, interesting topological features have been observed in some ferromagnetic Kagome lattice materials including Co 3 Sn 2 S 2 , 8 Fe 3 Sn 2 9 and FeSn. 10 To be more specific, theoretical predictions suggested three pairs of Weyl points in Co 3 Sn 2 S 2 with out-of-plane ferromagnetic order, and a giant anomalous
Hall effect and ARPES results support this scenario. 8, [11] [12] [13] Fe 3 Sn 2 has two Dirac cones with 30 meV gap near the Fermi level. 9 A flat band and a pair of Dirac bands were observed in FeSn. 10 However, a material with a single pair of Weyl points that readily offers tuning of its topological states is yet to be found.
Recently, the layered triangular lattice compound EuCd 2 As 2 was identified as a possible AFM Dirac semimetal with a single Dirac cone located close to the Fermi level when its inplane, three fold symmetry is preserved. 14 Subsequently, density functional theory (DFT) calculations on EuCd 2 As 2 predicted that a FM ordered state with Eu moments aligned out-of-plane can split the Dirac cone into a single pair of Weyl points. 3 However, previous experimental studies on EuCd 2 As 2 show an A-type AFM below T N 9.5 K that consists of FM triangular layers stacked antiferromagnetically, with moments pointing in the layer. 4, 15, 16 Unfortunately, the in-plane three fold symmetry is broken in this spin configuration. In this case, the Dirac cone is no longer protected and a gap opens. 16 Very recently, an ARPES study above the AFM transition temperature claimed that the effective breaking of time reversal symmetry by FM-like fluctuations, associated with strong intralayer FM correlations of the A-type AFM order, can induce Weyl nodes. 17 All of these results point toward the importance of stabilizing a FM state in EuCd 2 As 2 .
Here, by discovering and taking advantage of the chemical tunability of EuCd 2 As 2 , we report the successful growths of single crystals of EuCd 2 As 2 with two different magnetic ground states: EuCd 2 As 2 that orders magnetically at low temperatures with a ferromagnetic component to its long range order (FM-EuCd 2 As 2 ) and EuCd 2 As 2 that orders magnetically at low temperatures without any detectable ferromagnetic component (AFM-EuCd 2 As 2 ).
Whereas for many local moment compounds, the desire to tune or change an AFM state to a FM state can be considered to be an unachievable pipe-dream, in some cases, chemical substitutions, or even just widths of formation, can be used to accomplish just this feat.
For example in the simple, binary, CeGe 2−x system, depending on the value of x, there can be either a FM or AFM transitions. 18 Based on our DFT calculations, 3 we expect to have a topological insulator in the AFM-EuCd 2 As 2 and two pairs of Weyl points in the FM-EuCd 2 As 2 . In addition, a single pair of Weyl points can be further realized with a magnetic field applied along the crystallographic c direction. (see SI)
Single crystals of both FM-EuCd 2 As 2 and AFM-EuCd 2 As 2 were grown via solution growth using a salt mixture as flux. The difference in growth procedure between FM-EuCd 2 As 2 and AFM-EuCd 2 As 2 was the initial stoichiometry of Eu:Cd:As in the salt mixture.
We also grew single crystals of EuCd 2 As 2 using Sn flux and these crystals also manifest AFM order. We confirmed the crystal structure and composition via X-ray diffraction patterns and scanning transmission electron microscopy (STEM) with energy dispersive spectroscopy (EDS). (more details of crystal growth and experiments can be found in SI)
In order to determine the transition temperatures and nature of the magnetic ground state in these crystals, we conducted specific heat, resistivity, and magnetization measurements. observation that we will return to once we present our ARPES data in Fig. 3 below.
We can also compare the behavior of FM(salt) and AFM(salt) near their respective transition temperatures. FM(salt) has a broader, and much higher temperature, feature than AFM(salt) in the specific heat data as shown in Fig. 1 (e) and (f), respectively. Using the peak as a criterion, the transition temperature for FM(salt) is T C 26.4 K, and the transition temperature for AFM(salt) is T N 9.2 K. In addition to these transitions, both EuCd 2 As 2 samples have a broad shoulder at temperatures below T N of T C . The origin of this additional anomaly can be attributed to the thermal population of the 4f crystal-field levels that are split by the molecular field acting on Eu ions. 19 which also reveals a feature similar to that seen in the specific heat data; 21 this analysis is formally only appropriate for AFM transitions (not FM ones) and is not shown in Fig.1 (e).
To confirm the FM nature of FM(salt) samples, magneto-optical images were taken at temperatures above and below the transition temperature (see to AFM(salt) to AFM(Sn). Energy distribution curves at the Γ point shown in Fig. 3 (d) also demonstrate that the top of the inner hole band of FM(salt) is ∼ 120 meV higher than the one of AFMs. In addition, we observe a smaller size of the pocket in momentum distribution curve at the E F . (See Fig. 3 lower average intensity (1.671) than that of AFM(salt) (1.803), suggesting more vacancies in FM(salt). The TEM results is also consistent with X-ray results shown in SI. In addition, the presence of Eu vacancies in FM samples, which will lower the electron count, is also consistent with ARPES data indicating a lower E F .
Our results show that EuCd 2 As 2 is a rare material that can be tuned from having an antiferromagnetic ground state to a ferromagnetic one. By changing growth conditions, EuCd 2 As 2 can be shifted from a T N 9.2 K antiferromagnet to a T C 26.4 K ferromagnet.
This change in ground state is associated with a clear shift in the electronic structure as well as measured Eu 2+ content. Detailed DFT calculations predict that AFM state is a host to topological insulator, while FM state hosts two pairs of Weyl points. This can be further tuned to one pair of Weyl points by polarizing spins along the crystallographic c direction.
This material is therefore an ideal candidate for studies of the interplay of magnetism and topology and the macroscopic manifestation of Weyl Fermions. was constructed to closely reproduce the bulk band structure including SOC in the range of E F ± 1 eV with Eu sdf , Cd sp and As p orbitals. Then the 2D Fermi surface, including the Fermi arcs of semi-infinite surfaces, were calculated with the surface Greens function methods [37] [38] [39] [40] as implemented in Wannier Tools. 41 Based on our DFT calculations, shown in Fig. 5 , we expected to have a self-doped topological insulator in AFM-EuCd 2 As 2 (Fig. 5 (a) and (d) ) and two pairs of Weyl points in FM-EuCd 2 As 2 (Fig. 5 (b) , (e) and (h)). In addition, a single pair of Weyl points can be further realized with the applied magnetic field along the crystallographic c direction. (Fig. 5 (c), (f) and (i))
The band inversion around the Γ point between the conduction band (derived from Cd s orbital) and valence band (derived from As p orbitals) is evident in Fig. 5 (d For FM, the ETRS is broken. Thus, the double degeneracy of each band is lifted as seen in Fig. 5 (e ) and (f). When the FM moment is in-plane and along a direction ( Fig. 5 (e) ), or k y direction, the conduction and valence bands are almost touching along k z near the Γ point. Each of the DP is split into two Weyl points (WPs) along k y direction at (0.000, ± 0.002, ± 0.017 1/Å; 0.011 eV). When projected on (001) surface, the WPs of the same chirality from these two pairs of WPs overlap and give Fermi arcs that merge into a circular Fermi surface as shown in Fig. 5 (h) . Interestingly, when the FM moment is out-of-plane and along c direction ( Fig. 5 (f) C. X-ray diffraction pattern and elemental analysis
Benchtop x-ray experiments
A Rigaku MiniFlex diffractometer (Cu K α1 and K α2 radiation) was used for acquiring xray diffraction (XRD) patterns at room temperature. Data are shown in Fig. 6 along with fits made via Rietveld refinements using fullprof 43 . Table I lists 
High-energy x-ray experiments
High-resolution high-energy x-ray powder diffraction (HEXRD) data were collected at the 11-BM beamline 44 In addition, FM(salt) and AFM(salt) samples shows the same hexagonal structure (hP5, P3m1 space group), as confirmed by selected area electron diffraction patterns along the [21 10] zone axis (Fig. 8 ).
D. Temperature dependent resistivity Figure 9 shows temperature dependent resistivity of FM(salt)-EuCd 2 As 2 and AFM(salt)-EuCd 2 As 2 in zero applied magnetic field over the 2-300 K range. These are the data used to determine dρ/dT plots shown in Figure. 1. The resistivity upturn above the transition temperature (see Fig. 9 ) may be due to enhanced scattering on magnetic fluctuations. 17 (4) As Site Occupancy 1.001 (6) 1.002 (4) z Cd 0.63332(6) 0.63289 (7) z As 0.24660(8) 0.24741 (9) B Eu (Å 2 ) 0.07(1) 0.02 (1) B Cd (Å 2 ) 0.12(1) 0.08 (1) B As (Å 2 ) 0.07(1) 0.05(1) In contrast to the magneto optical images of FM(salt)-EuCd 2 As 2 shown in Fig. 2 and Fig. 10 , magneto optical images were taken of AFM(salt)-EuCd 2 As 2 at temperatures above and below the transition temperature (see Fig. 11 ), show that no domains were detected at any temperature. 
